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The voicing contrast in English, Italian, and Spanish English, Italian, and Spanish distinguish the voiced stops /b d g/ and the voiceless stops /p t k/. However, the voicing distinction is implemented differently in these languages.The best measure to capture stop consonant voicing in word-initial position is VOT, i.e., the timing relation between release of the stop and the onset of voicing of the following segment. This timing relation can be placed on a continuum. Following Lisker and Abramson's () seminal work, three types of stop voicing categories are distinguished in terms of VOT: () prevoiced stops, in which voicing occurs before the release of the stop, also referred to as lead voicing; () short-lag unaspirated stops, in which voicing is simultaneous with the release or occurs shortly thereafter; and () long-lag aspirated stops, in which voicing occurs with a significant time lag after the release.
In English, voiceless stops are aspirated word-initially, and thus characterized by long-lag VOT values, while voiced stops are unaspirated and typically realised with short-lag VOT values (Docherty, ; Lisker & Abramson, ) . Note, however, that the latter may occur with lead voicing. For example, in Docherty's () study, % of English voiced stops involved voicing prior to the release, and in Simon's () study, ·%. In Italian and Spanish, on the other hand, voiceless stops are unaspirated, with short-lag VOT values, while voiced stops are consistently realized with a voicing lead (cf. Bortolini, Zmarich, Fior, & Bonifacio, , and Vagges, Ferrero, Magno-Caldognetto, & Lavagnoli, , for Italian; Lisker & Abramson, , and Rosner, López-Bascuas, Garíc-Albea, & Fahey, , for Spanish). Languages that implement the voicing contrast like Italian or Spanish are sometimes referred to as voicing languages, while languages like English are referred to as aspirating languages (Jansen, ) . Table  depicts typical VOT values for word-initial voiced and voiceless stops in English, Italian, and Spanish.
VOT not only differs cross-linguistically, but also according to place of articulation: the further back a stop is produced in the oral cavity, the longer its VOT value. This is because the differing cavity sizes behind the articulators result in differences in air pressure (Cho & Ladefoged, ) .
Inspection of Table  suggests that Italian and Spanish implement the voicing distinction in the same way, i.e., by contrasting lead voice and short-lag categories. However, this is only partly accurate as the voiced stops /b d g/ may only be realized as the spirants [β̞ ð ָ ɣָ ] in Spanish, but not in Italian. Thus, in Standard Spanish, stop and spirant realizations are in complementary distribution, with stops occurring utterance-initially, after 
M A Y R A N D M O N T A N A R I
 homorganic nasals, and in the case of /d/ after laterals, while spirants occur in all other contexts (Branstine, ) . Importantly, however, the stop/spirant alternation rule varies considerably across different dialects. Thus, in Mexican Spanish, the variety spoken by the only person providing Spanish input in the present study, spirantization is common, even in otherwise compulsory stop environments (Amastae, ; Macken & Barton, ). Macken and Barton (), for instance, found that %-% of word-initial /b d g/ were spiranticized by Mexican Spanish-speaking adults.
Monolingual acquisition of the voicing contrast
Monolingual children undergo several developmental stages in the acquisition of the English voicing contrast (Macken & Barton, ) . Initially, they produce target voiced and voiceless stops in much the same way within the short-lag VOT range. Subsequently, they learn to produce a voicing difference, however with both voiced and voiceless stops still within the short-lag range. Finally, they succeed in realizing voiced stops with short-lag VOT values and voiceless stops with long-lag ones. The latter may, however, be realized with VOT values that are longer than target voiceless stops. Children typically reach this final stage around two years of age (Macken & Barton, ) . The voicing contrast is generally acquired later in languages that distinguish lead voice and short-lag categories (Allen, ; Bortoloni et al., ; Gandour, Petty, Dardarananda, Dechongkit, & Munkgoen, ; Khattab, ; Macken & Barton, ). Bortoloni et al. (), for instance, found that at age ; only three out of fourteen Italian-learning children managed to produce a significant difference in voicing at each place of articulation. Similarly, Macken and Barton () showed that not even by ; were monolingual Spanish-speaking children able to produce a consistent difference in VOT between voiced and voiceless stops. Other studies suggest that the voicing contrast might not be adult-like in voicing languages until at least the elementary school years. Thus, in Gandour et al. () only the seven-year-old children, but not the five-year-old, managed to produce Thai voiced stops with target-like prevoicing patterns, and in Khattab () only the ten-year-old child, but not the five-year-old and the seven-year-old, exhibited consistent prevoicing of Arabic voiced stops.
Most researchers have explained the later acquisition of the lead voice/ short-lag contrast compared with the short-lag/long-lag contrast on the basis of perceptual and articulatory difficulties. Prevoicing is acoustically less salient (Van Alphen & Smits, ) and articulatorily more complex than aspiration (Ohala, ) . Specifically, the closing oral cavity involved
in stop production together with the raised velum leads to a rapid increase in intra-oral air pressure. When the level of the subglottal pressure is reached, transglottal airflow stops, rendering vocal fold vibration impossible. The shorter vocal tracts of children compared with adults, in addition, make sustained voicing even more difficult. This is particularly true for velar stops since the cavity behind the articulators is smaller than that for bilabial or coronal stops (Cho & Ladefoged, ) .
These difficulties may prompt children to make use of compensatory strategies. Allen (), for instance, showed that French-learning children made use of prenasalization in the production of voiced stops. The Spanish-learning children in Macken and Barton () , in contrast, realized word-initial voiced stops as spirants. Simon () between the ages of ; and ; realized Dutch /p/ and /t/ with long-lag VOT values instead of target short-lag ones, following extensive exposure to English from age ; when he moved from the Netherlands to the United States. Interestingly, despite such non-target-like realizations, bilingual children sometimes manage to preserve distinctions across languages. Thus, Mack's () subject achieved cross-linguistic differentiation by producing both French and English voiceless stops with inaccurately long VOT values (mean VOT for French:  ms; mean VOT for English:  ms).
Cross-linguistic interactions have also been documented in voiced stops. The ten-year-old French-English bilingual in Mack's () study, for instance, failed to prevoice French voiced stops consistently. Similarly, Heselwood and McChrystal () found that their ten-year-old PanjabiEnglish bilingual subjects used prevoicing more often in English voiced stops than age-matched English monolinguals. Interestingly, however, they did not consistently produce Panjabi voiced stops with a target-like voicing lead, suggesting a general lack of systematicity in the use of lead voicing. Note that while cross-language transfer is often invoked to explain these findings, it remains a matter of debate whether such non-target-like
 patterns can always be attributed to cross-linguistic effects. Khattab (), for instance, found that not only Arabic-English bilinguals, aged ; to ;, but also age-matched Arabic monolinguals used prevoicing inconsistently in voiced Arabic stops.
Cross-linguistic interactions and input settings
What then are the factors that contribute to cross-linguistic effects? To begin with, certain aspects of speech development may be more prone to interactions than others. One of these may be VOT. According to Kehoe et al. () , what makes VOT particularly difficult to acquire is that it requires phonetic fine-tuning and automatic timing coordination. Moreover, aspiration and lead voicing are phonologically marked phenomena, and may require comparatively more input for successful acquisition.
Furthermore, interactions may be more common if the information in the input is ambiguous (Döpke, ; Paradis, ). For example, while English voiced stops are typically realized within the short-lag VOT range, they may be prevoiced, and as a result show some resemblance to the patterns found in voicing languages, such as Italian or Spanish. This superficial similarity may lead bilingual children to equate the patterns for voiced stops cross-linguistically, realizing English voiced stops predominantly with a voicing lead, or Italian and Spanish ones with short-lag values. In his Speech Learning Model, Flege () refers to this phenomenon as EQUIVALENCE CLASSIFICATION. The input may also be ambiguous and less supportive of language development if children are exposed to foreign-accented speech alongside target-like patterns. It has indeed been proposed that the phonological properties of non-native speech, either alone or in combination with native speech, provide children with a less consistent signal from which to extract language-specific phonological information and hence further develop language (e.g., Liu, Kuhl, & Tsao, ; Thiessen & Saffran, ) . Place and Hoff () found, for instance, that non-native input was a negative predictor of language skills among Spanish-English bilingual children growing up in the US, suggesting that specific properties of language exposure, such as the amount of input provided by native speakers, influence bilingual development. Similarly, Manuela, the bilingual child in Deuchar and Clark () , may have realized all her Spanish categories within the short-lag range because she not only heard target-like forms from her Spanish-speaking father, but also English-accented, short-lag Spanish stops from her English-speaking mother.
Finally, contexts that allow or require full activation and use of a bilingual's two languages may be more conducive to interactions. First, there is some evidence that language mixing in the input may interfere with the processing and learning of language-specific properties (Byers-Heinlein, ). In addition, multilingual contexts may increase the likelihood of influence between language systems (Grosjean, ) . That is, in conversations with monolinguals, in which only one language can be used, bilingual speakers may be in a MONOLINGUAL MODE, where only that language is fully activated. On the other hand, dual language activation may occur in conversations with other bilinguals, in which both languages are relevant and useful to conversational needs, such as during code-switching. A number of studies have shown that under these circumstances, cross-linguistic interactions may occur more commonly. De Leeuw, Schmid, and Mennen (), for instance, found that native German speakers with long-term residence in an L-speaking environment were more likely to be perceived as non-native in their L if they regularly engaged in code-switching. Similarly, Bullock and Toribio () reported significant effects of code-switching on VOT values for Spanish-English bilinguals, suggesting that bilingual speech may be particularly vulnerable to cross-linguistic interactions when both languages are activated and alternated in discourse.
The present study This study aimed to examine the extent to which trilingual pronunciation patterns are influenced by the number and type of speakers providing the input. Specifically, it focused on the stop consonant productions of two school-aged simultaneous trilingual sisters growing up in Los Angeles. We chose comparatively old children for this study since VOT acquisition is known to be a protracted process, even in monolinguals (cf. Gandour et al., ; Khattab, ), and little is known about more advanced stages of acquisition.
The children hear (a) English, the majority language, from their father and the larger community; (b) Italian from their native-speaking mother and teachers, but also from their peers at a dual-language school who are largely from English-speaking homes; and (c) Spanish from just one person, their Mexican, Spanish-speaking monolingual nanny. Given this scenario, the study sought to address the following questions: () Do the children's voiceless and voiced stop productions conform to those produced by the adults providing the input? () Are stop categories differentiated across the various places of articulation in all three languages? () Are voiceless and voiced stops differentiated across English, Spanish, and Italian? () Are there signs of interaction among the three phonological systems? () And if this is the case, can the interaction patterns be explained with reference to the different input settings for each language?
We predicted three possible outcomes for cross-linguistic interactions. To begin with, based on evidence from previous studies (e.g., Heselwood & McChrystal, ; Kehoe et al., ; Khattab, ; Mack, ; Simon, ), we hypothesized that interactions may take place between typologically different stop consonant systems. Since both Italian and Spanish are voicing languages with virtually identical systems, while English is an aspirating language, it is reasonable to assume that Italian and Spanish might exhibit the same type and extent of interaction with English. In fact, the two voicing languages may even be mutually reinforcing. Alternatively, interactions may occur, not due to typological considerations, but as a function of input characteristics, that is, when the input is ambiguous, non-native, and possibly mixed (see previous section). According to this hypothesis, Spanish may be less affected by interactions than Italian because the only input provider in Spanish is monolingual, while virtually all Italian speakers in the children's environment are also competent in English, making dual language activation and interactions more likely. English, in turn, may be largely unaffected by interactions, since it constitutes the majority language and the children hear it from multiple native speakers on a regular basis. Finally, considering the children's relatively advanced age, if they have had sufficient experience with the three languages to perceive cross-linguistic differences and acquire the relevant motor commands to produce them, it is possible that they may exhibit little or no interaction in their stop consonant productions.
M E T H O D

Participants
The principal participants were two simultaneous trilingual sisters growing up with English, Italian, and Spanish in Los Angeles, California: Maya, aged ;, and Sofia, aged ;. The study also includes the three main sources of input in the children's home: their mother, father, and nanny. The children have been consistently exposed to the three languages from birth. They hear Italian from their Italian-speaking mother, the second author, who moved from her native San Marino to the United States at the age of , English from their father, a native speaker of American English with limited proficiency in Italian, and Spanish from their nanny, a native speaker of Mexican Spanish from Guadalajara who moved to the United States shortly before Sofia was born. Surprisingly, despite being a long-term resident in the United States, the nanny has no proficiency in either Italian or English.
During their first four years of life, the girls' estimated exposure to English, Spanish, and Italian was approximately %, %, and %, respectively. This estimate is based on a typical -hour day. During this period, Sofia and Maya were primarily taken care of by their mother and their nanny, with the latter spending an average of  hours a week with the family. Note that the nanny was the sole Spanish provider as the family did not have Spanish-speaking friends and did not regularly watch Spanish-language media. English, on the other hand, was limited to evening and weekend conversations with the children's father. More consistent exposure to English began at age ; for Maya, when she started to attend an English-only preschool for  hours a day, and at age ; for Sofia, when she started kindergarten.
At the time of the study, both girls attended an Italian-English dual language programme, with Maya in second grade and Sofia in third grade. The programme follows the : model, with % of instruction in Italian and % in English in kindergarten and first grade. In second grade, the model becomes :, in third grade :, and each year thereafter the amount of English instruction increases by  percentage points until it reaches % by fifth grade. Note that despite being labelled a 'dual-language programme', the children who attend it are primarily English speakers, some of Italian descent and some of other origin.Very few children start the programme speaking Italian natively (cf. Montanari, , for details of the programme and its history). This means that although a great deal of instruction is delivered in Italian, outside lessons the students tend to speak English with each other, or code-switch between the two languages.
With the beginning of schooling and more after-school activities in English, the children's language exposure patterns changed. Thus, from age ; to the time of the study, their exposure to English, Spanish, and Italian shifted to an estimated %, %, and %, respectively.The children's daily life indeed revolved around Italian and English, and Sofia and Maya also typically spent their summer vacation in Italy. Spanish input, in turn, was limited to the few hours spent with the nanny at home. These input patterns were nonetheless sufficient for Maya and Sofia to become fluent in all three languages, with Italian and English their strongest.
Materials and procedure
Maya and Sofia are not only able to speak English, Italian, and Spanish. They are also literate in all three languages. A reading task was therefore considered appropriate. Table  depicts the materials used in the study. They consist of bisyllabic real words of English, Italian, and Spanish with a single bilabial (/p/ or /b/), coronal (/t/ or /d/), or velar (/k/ or /g/) stop in the onset.
The children were recorded in individual sessions in a quiet room in their home, using a Zoom H Handy Recorder with a sampling rate of · kHz and -bit resolution. They each participated in three recording sessions per language over a -month period, thus in nine sessions in total. The Italian recording sessions were administered by the girls' mother, the English sessions by their father, and the Spanish sessions by their nanny. They took place on different days to avoid dual or triple language activation (Grosjean, ) . For the same reason, each recording session commenced with a brief conversation in the target language. Subsequently, the children were asked to read each stimulus word at a natural pace in two contexts, first in isolation and then in a carrier phrase, e.g., puppy; puppy is what daddy said (English); pece; pece ha detto mamma (Italian: 'sap; sap said mummy'); perro; perro me dijo Patty (Spanish: 'dog; dog Patty told me'). Note that the carrier phrases were matched cross-linguistically in terms of their syllabic complexity. This procedure was repeated twice in each of the three recording sessions. Across the recording sessions, this yielded  (consonants) x  (words) x  (repetitions) x  (recording sessions) x  (contexts) =  tokens per child in each language. With  tokens excluded for poor recording quality,  tokens produced by Maya and  tokens produced by Sofia were subjected to acoustic analysis. The children's parents and nanny also recorded themselves, completing the same reading task as the children, only, however, in their respective native language. This yielded  (consonants) x  (words) x  (repetitions) x  (contexts) =  tokens from each speaker in their respective native languages.
Data analysis
The digitized materials were transferred to a standard PC and analyzed acoustically using PRAAT software (Boersma & Weenink, ) . VOT was measured from the release burst, signalled by a sharp peak in waveform energy, to the zero crossing of the first glottal pulse which marks the onset of voicing of the following vowel (cf. Figure  (a) and (b)). If voicing started during the closure period, VOT was measured from the point at which vocal fold vibration could be detected in the waveform, alongside the presence of aperiodic wide-band energy in the spectrograms, up to the release burst (cf. Figure  (c) ). All prevoiced tokens exhibited continuous voicing. Finally, some tokens were produced as the spirants
, rather than as stops, and as a result VOT was not an appropriate measure. These tokens were characterized by continuous voicing and the absence of a release burst (cf. Figure  (d) ). For further details of the acoustic properties of spirants, see Martínez-Celdrán and Regueira ().
R E S U L T S
In the following sections, the realizations of the phonologically voiceless and voiced stops will be discussed. As the data were not normally distributed, non-parametric statistical tests were used. The children and the adult participants made no difference in VOT between words produced in isolation and in a carrier sentence (Maya (English): U = ·; Z = -·; p = ·; Sofia (English): U = ; Z = -·; p = ·; father: U = ; Z = -·; p = ·; Maya (Italian): U = ·; Z = -·; p = ·; Sofia (Italian): U = ; Z = -·; p = ·; mother: U = ·; Z = -·; p = ·; Maya (Spanish): U = ·; Z = -·; p=.; Sofia (Spanish): U = ·; Z = -·; p = ·; nanny: U = ; Z = -·, p = ·). As a result, the two sets of data were pooled for subsequent analysis. Table ) , with the father producing English voiceless stops with long-lag values, and the mother and nanny producing /p t k/ with short-lag values in Italian and Spanish, respectively. Note also that, with the exception of the father's voiceless velar stop, the adult participants produced increasingly longer VOTs as the place of articulation changed from bilabial to more posterior positions, consistent with previous studies (Cho & Ladefoged, ) .
Voiceless stops
Table  further indicates that the children managed to produce many categories with target-like VOT values. Thus, Maya's and Sofia's Spanish voiceless stops are virtually identical to the nanny's. The children also
managed to produce the English voiceless stops accurately with long-lag VOT values, except for some /p/ tokens with somewhat short realizations. Their Italian categories, on the other hand, have considerably longer VOT values than their mother's, in particular /k/, which both children produced consistently as long-lag aspirated stops. Interestingly, Sofia, the elder sister, distinguished between English and Italian /k/, while the younger Maya did not. Inspection of Table  shows that while both realized Italian /k/ with inaccurately long VOT values, Sofia produced English /k/ with extra long values, thereby making a cross-linguistic distinction within the long-lag range.
The children's productions were not only compared with the adult target, but also with themselves in order to determine whether the children are capable of differentiating stop categories within each language (Research Question ). To answer this question, Kruskal-Wallis tests with subsequent post-hoc Mann-Whitney U tests were carried out. The results revealed that the children produced significant differences between /p/, /t/, and /k/ in each language, with VOT values systematically increasing from bilabial to coronal to velar (Maya (English):
. Only Maya's productions of English /t/ and /k/ did not differ significantly (U = ·; Z = -·; p = ·). Finally, in order to determine whether the children are capable of differentiating stop categories cross-linguistically (Research Question ), their productions of /p/, /t/, and /k/ were compared across English, Italian, and Spanish (cf. Figure ) .
Median VOT values (in ms) for voiceless stops; minimum and maximum values in parentheses
The results revealed that Maya produced a significant difference across the three languages at each place of articulation (bilabial:
However, there was no significant difference in VOT between her English and Italian /k/ (U = ·; Z = -·; p = ·). Similarly, Sofia produced a significant cross-linguistic difference at each 
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, but failed to make a significant difference between Italian and Spanish /p/ (U = ·, Z = -·; p = ·).
Taken together, the results for the voiceless stops suggest sophisticated acquisition patterns for both children with high degrees of accuracy and differentiation. Only the children's Italian /k/ was found to be clearly non-target-like with long-lag VOT values. In the 'Discussion' section, we will consider whether this pattern may be due to cross-linguistic interaction with English (Research Question ), and whether it can be explained on the basis of the different settings in which the children receive input in their three languages (Research Question ). First, note that the adult participants produced /b d g/ accurately, following the patterns produced by adult monolinguals of English, Italian, and Spanish elsewhere (cf. Table  Sofia, in contrast, made considerably more cross-linguistic distinctions than her younger sister. Thus, the difference between her English and Italian /b/ was significant (U = ·; Z = -·, p = ·), as was the difference between her English and Italian /d/ (U = ; Z = -·; p < ·). Inspection of Table  and Figure  shows that she prevoiced a substantially larger number of Italian than English tokens at both these places of articulation. In contrast, the difference between her English, Italian, and Spanish /g/ was not significant (χ  (, N = ) = ·, p = ·). Note, however, that she produced a much larger number of Italian than English tokens with a voicing lead at this place of articulation, as well, i.e., eleven versus two.
Voiced stops
Overall, the results for the children's voiced stops indicate considerable deviations from target-like patterns and a lack of differentiation in places, in particular between Italian and English categories. In the 'Discussion' section we will consider whether these patterns may be indicative of cross-linguistic interactions (Research Question ), and if so, whether they can be explained with reference to the children's different input settings (Research Question ).
D I S C U S S I O N
This study investigated word-initial stop productions by two simultaneous trilingual children, aged ; and ;, growing up with English, Italian, and Spanish in California, and compared them with those of the main input providers in their home, i.e., their father, mother, and nanny. The results revealed a high degree of differentiation across categories by both children. This is consistent with previous work on VOT acquisition in monolingual and bilingual children of a similar age (Gandour et al., ; Khattab, ; Mack, ). Thus, Maya and Sofia systematically contrasted voiced and voiceless stops in each language. They also produced differences across the various places of articulation, with longer VOT values for more posterior positions (Cho & Ladefoged, ) . The children not only differentiated stop categories within each language, but also cross-linguistically, suggesting a high degree of sophistication in their acquisition patterns. Nevertheless, not all of their realizations were target-like, and the patterns observed were highly complex. In what follows, we will discuss the findings separately for each of the children's languages, and then consider their implications for the acquisition of trilingual sound systems. In so doing, we will focus specifically on the effects of different input settings on cross-linguistic interactions.
English
English constitutes the majority language in California, and the children hear it on a regular basis when conversing with their father as well as many other native speakers in the school and the wider community. An analysis of their English stop productions revealed target-like patterns. Thus, Maya and Sofia realized English voiceless stops accurately with long-lag VOT values, except for some short /p/ tokens. Their English voiced stops, in turn, were also target-like, with a preponderance of short-lag realizations alongside some prevoiced tokens. Although English /b d g/ may have a voicing lead (Docherty, ; Lisker & Abramson, ) , it is interesting that the children produced this pattern considering their father's voiced stops only had short-lag VOTs, and prevoicing is articulatorily more complex and acoustically less salient (Ohala, ; Van Alphen & Smits, ). Heselwood and McChrystal () found that the Panjabi-English bilingual children in their study prevoiced more English voiced stops than age-matched monolinguals, and argued that this may be a result of interaction with Panjabi, a language in which voiced stops are consistently produced with a voicing lead. Unlike Heselwood and McChrystal's () study, the present investigation did not include age-matched English monolinguals for comparison, and hence it is impossible to establish whether Maya's and Sofia's use of prevoicing in English was the result of cross-linguistic interaction with Italian and/or Spanish. It is worth noting, however, that the incidence of prevoicing in the children's productions, i.e., % of Maya's and % of Sofia's English voiced stops, is not excessive and is consistent with those of English monolinguals reported elsewhere (Docherty, ; Lisker & Abramson, ; Simon, ). It therefore seems reasonable to conclude that the children's English productions were native-like and relatively immune to interaction from other languages.
Italian
Italian is an important minority language in California with an estimated , speakers in the Los Angeles metropolitan area (OSIA, ). Maya and Sofia hear the language on a regular basis from multiple native and heritage speakers. These include their native Italian-speaking mother and teachers as well as their friends and relatives in Italy who they visit in the summer. At the same time, the children also hear Italian from their peers at school, who predominantly come from English-speaking homes. An analysis of the children's Italian stops revealed target-like patterns for /p/ and /t/, with short-lag VOT values. In contrast, their Italian /k/ as well as /b d g/ differed from typical adult realizations. In what follows, we will discuss these results in more detail.
To begin with, Maya and Sofia produced the voiceless velar stop with long-lag aspirated realizations instead of target short-lag ones. This is in line with Mack's () and Simon's () studies. It seems unlikely that this pattern is developmental as both types of categories emerge early in development and have been attested in much younger monolingual and bilingual children (Deuchar & Clark, ; Kehoe et al., ; Macken & Barton, ) . Instead, consistent with previous work (Mack, ; Simon, ), it is more likely that the pattern has arisen as a result of cross-linguistic interactions, with Italian /k/ attracted to its aspirated
English counterpart. This may have occurred because the children received English-accented input in Italian from their English-dominant peers at school. It is, however, equally possible that native-like Italian patterns caused the interaction. Thus, as far as short-lag categories are concerned, target Italian /k/ is relatively long and may contain items that overlap with aspirated stops in English, rendering them ambiguous. The monolingual adults in Bortolini et al. () , for instance, produced Italian /k/ with VOT values as high as  ms. In contrast, their maximum value for Italian /p/ was  ms, and for Italian /t/  ms. This may explain why the children only aspirated their Italian /k/, but not /p/ and /t/.
While both children were inaccurate on Italian /k/, the cross-linguistic interaction affected them differently. Thus, Maya did not produce a difference between Italian and English /k/. This suggests that she may have a merged representation that encompasses both categories, consistent with Flege's () notion of equivalence classification. In contrast, Sofia produced a consistent cross-linguistic contrast within the long-lag range by realizing English /k/ with extra-long VOTs (Italian median: · ms; English median:  ms). This pattern suggests separate representations for Italian and English /k/. A similar pattern with contrasting cross-linguistic VOT categories within the long-lag area is reported in Mack's () study of a ten-year-old French-English bilingual. Why the children's realizations differed in this way is not entirely clear. However, it stands to reason that the additional experience that Sofia has had with both languages may have helped her perceive differences between the two categories.
In addition to /k/, the children's Italian /b d g/ realizations differed from typical patterns. Thus, instead of target-like lead voicing, they exhibited a bimodal distribution, with short-lag realizations alongside lead voicing. Similar patterns are reported in Heselwood and McChrystal () and Mack () . As in the present study, their bilingual subjects failed to realize voiced stops consistently with a voicing lead.The authors explained these patterns on the basis of cross-linguistic interactions. The same may be true in the present study. Thus, Maya and Sofia may have related Italian and English /b d g/ to each other because of the superficial structural similarity that holds across the two languages: voiced stops in both Italian and English can be produced with a voicing lead. However, they may not have realized that only English /b d g/ may also occur with short-lag VOTs, and that the lead voice/ short-lag contrast signals a phonological distinction in Italian, but not in English. In addition, the children's English-dominant peers may have produced English-accented realizations of Italian voiced stops, and thus the reason for the interaction may be input-related. In concert with this interactional explanation, developmental factors may also have underpinned the children's patterns.
After all, lead voicing is articulatorily complex (Ohala, ) and acquired late in monolinguals and bilinguals. Khattab (), for instance, showed that not even the seven-year-old Arabic monolingual child in her study was able to use prevoicing consistently since his voiced velar stops were largely realized with short-lag VOTs. Maya and Sofia exhibited similar patterns, with fewer prevoiced tokens of the articulatorily more complex velar stop than of bilabial and coronal categories, consistent with a developmental explanation.
Interestingly, although both children produced Italian /b d g/ with short-lag and prevoiced VOTs, they differed in the proportionate use of these categories: Maya realized the majority of her Italian voiced stops with short-lag VOT values, and thus largely outside target-like patterns, while Sofia was much more accurate, realizing them predominantly with a voicing lead. Importantly, although Maya's Italian voiced stops overlapped substantially with English ones, she prevoiced twice as many stops in Italian than English, i.e.,  (%) versus  tokens (%). This suggests that she may have started to become attentive to the different realizations of /b/, /d/, and /g/ in the two languages. By comparison, Sofia prevoiced as many as  Italian tokens (%), but only  English ones (%), indicating more advanced levels of cross-linguistic differentiation. It is likely that her superior performance is again a result of her greater linguistic experience.
Spanish
Spanish constitutes by far the largest minority language in California, with a population of approximately · million speakers in the Los Angeles-Long Beach conurbation (United States Census Bureau, ). However, Maya and Sofia only interacted in the language with one person: their monolingual Mexican nanny. An analysis of the children's Spanish stop productions revealed target-like patterns for /p t k/ with short-lag realizations that closely resemble their nanny's. In contrast, they failed to produce Spanish voiced stops with consistent prevoicing, instead realizing them predominantly as spirants. When /b d g/ did occur as stops, few tokens had target-like lead voicing, with the majority realized with short-lag VOT values. How can these patterns be explained?
The Spanish stop/spirant alternation rule is complex. Recall that stops occur utterance-initially, after homorganic nasals, and in the case of /d/ after laterals, while spirants occur in all other contexts, including word-initially in connected speech (Branstine, ) . Given the complexity of the rule, it is not surprising that it takes children a long time to acquire adult-like patterns. Thus, none of the monolingual Spanish-learning children in Macken and Barton (), aged ;, exhibited target-like patterns, instead producing spirants in compulsory stop contexts. Although Maya and Sofia are older than these children, their overall exposure to Spanish may not differ much. Both sets of children hence may not have had enough input to determine which contexts favour stops and which spirants. Alternatively, or in addition, Maya and Sofia may have been exposed to ambiguous input, with their Mexican nanny producing spirants in utterance-initial position. The data reported in this study only include one token of her /b/ realized as [β̞ ] . However, the recording session might have been perceived as a relatively formal occasion, and the nanny may have adapted her speech style accordingly, using more Standard Spanish forms than usual (Labov, ) . Informal observation of her speech in casual contexts certainly suggests frequent use of spirants in utterance-initial position, in line with previous accounts of Mexican Spanish adults (Amastae, ; Macken & Barton, ) .
The use of spirants in this position enabled the children to distinguish voiced and voiceless categories in Spanish. It also allowed them to differentiate voiced categories cross-linguistically, with spirantization only occurring in Spanish but not in English or Italian. At the same time, Maya and Sofia also produced a substantial number of Spanish tokens as stops,  (%) and  (·%), respectively, in particular, velars. Of these, some had a target-like voicing lead. However, the majority of their productions was inaccurate, with short-lag VOTs. It is not entirely clear whether these patterns have arisen from interaction or as a consequence of the children's limited input in Spanish. Together with the results for Italian and English, they suggest a lack of systematicity in the use of prevoicing, similar to the patterns reported for the Panjabi-English bilinguals in Heselwood and McChrystal () .
Cross-linguistic interactions
The present study revealed that the children have separate stop consonant systems in each of their languages. Nevertheless, they do not constitute entirely autonomous entities since, in line with previous work on bilingual children (Heselwood & McChrystal, ; Kehoe et al., ; Khattab, ; Mack, ; Simon, ), they were found to interact with each other. Interestingly, however, the interactions observed were more complex than those in studies of bilingual development. Thus, while the children's English and Italian VOT patterns were related to each other, with target-like realizations in English but not in Italian, their Spanish productions were largely unaffected by the other two languages. As a consequence, Maya's and Sofia's Italian and Spanish realizations were fundamentally different. This is remarkable considering they are virtually identical in monolingual Italian-and Spanish-speaking adults (cf. Table ) , and one might hence expect them to be mutually reinforcing in the children's realizations. Only by examining trilingual development was it possible to reveal these patterns. An investigation limited to bilingual stop consonant systems would not have been in a position to identify them.
To understand the findings obtained here, it is necessary to consider the different settings in which the languages occur. To begin with, Maya and Sofia hear English on a regular basis from multiple native speakers. Although the children may also be sporadically exposed to foreignaccented speech, this exposure is not systematic, and hence the vast majority of their input is native-like. English may also show a 'majority language effect' in that it is ubiquitous in the wider community and thus constitutes a more stable input setting (Gathercole & Thomas, ) . This may explain why the children's English was target-like and immune to the influence of Italian and Spanish.
In contrast, the children are regularly exposed to non-native models in Italian via their peers at school who are heritage speakers or L learners of Italian. Thus, only two out of eighteen children in Sofia's class and four out of twenty-one in Maya's class spoke Italian when commencing the ItalianEnglish dual-language programme (Montanari, ) . It is therefore not surprising that the majority of children with whom Sofia and Maya interact on a regular basis speak Italian with a distinct English accent. Exposure to these models may have been significant enough to affect the children's Italian accent. Similar results have been obtained in other studies involving children on dual-language programmes. Caldas (), for instance, attributed his daughters' English-accented French to the contact that the children had with non-native speech in their French-English dual-language school in Louisiana. His son, in contrast, whose education was entirely through the medium of English, spoke French natively. Caldas argued that this was due to a lack of contact with foreign-accented speech. As Maya's and Sofia's classmates are largely dominant in English, they not only speak Italian with an English accent, but also frequently engage in codeswitching. This requires dual language activation and further increases the likelihood of cross-linguistic interactions (de Leeuw et al., ). In sum, the context in which Sofia and Maya hear Italian explains why the language was affected by English, but not by Spanish.
Finally, unlike English and Italian, the children only hear Spanish from a single source, their native Spanish-speaking nanny. As the latter speaks no other languages, Maya and Sofia are required to adopt a monolingual mode (Grosjean, ) when communicating with her, thereby inhibiting the use of elements from their other languages. At the same time, input from a single source will be less variable and ambiguous than input from multiple speakers, facilitating the adoption of speaker-specific patterns. A few studies in areas other than phonology have documented such patterns in trilingual children (Barnes, ; Cruz-Ferreira, ; Wang, ). Barnes (), for instance, reports observing trilingual adolescent males interacting with each other in English in a female register since they had acquired this language solely from their mother. A single, unambiguous input source may hence be beneficial for phonological acquisition, as it may lead to more firmly entrenched storage of speaker-specific phonetic information (Allen & Miller, ; Smith & Hawkins, ) . This, in turn, may limit the effects of cross-linguistic interactions. Consistent with this hypothesis, Maya's and Sofia's Spanish /p t k/ productions were unaffected by their other languages, yet remarkably similar to the adult model, while their English and Italian /p t k/ realizations were not. The effect of single-speaker input on the children's voiced categories in Spanish, on the other hand, remains unclear since we do not know the extent to which the nanny spirantizes word-initial stops in casual contexts. Nevertheless, the results provide an initial indication that input from a single speaker may be conducive to phonological acquisition and inhibit cross-linguistic interactions.
C O N C L U S I O N
This study investigated for the first time the production of word-initial stops in school-aged trilingual children. It revealed sophisticated acquisition patterns for both children in each language, but also some non-targetlike realizations arising from a complex array of factors, including cross-linguistic interactions. The study demonstrated that the nature of these interactions cannot be predicted solely on the basis of adult values. Instead, they are contingent on the specific contexts in which input is provided in each language. Settings in which more than one language needs to be fully activated may be vulnerable to cross-linguistic interactions, in particular if they involve minority languages. In addition, interactions may be more likely if foreign-accented input is involved. On the other hand, the likelihood of interactions between phonological systems may be reduced if the input provided is limited to a single speaker. This is because this setting facilitates responsiveness to the specific phonetic properties of the input provider without the need to generalize to other speakers. In the present study, this effect may have been enhanced by the fact that the input provider was monolingual. It is important to point out in this context that we do not mean to portray cross-linguistic interactions as hindering acquisition in general. As instances of positive transfer, they may lead to enhanced cue strength and result in accelerated acquisition under certain circumstances (cf. Mayr, Howells, & Lewis, ).
More research is required to further elucidate how the number and type of input providers affect phonological acquisition in multilingual contexts. Future studies should include larger samples together with age-matched monolingual controls. This latter issue is particularly important as it is not always possible to establish whether observable patterns are due to interaction or are developmental in nature. Finally, future studies should examine the development of multiple phonological systems in children speaking the same languages but living in different social contexts, where majority and minority languages are reversed. Studies of this kind are needed to shed new light on the relationship between input settings and the extent and direction of cross-language interactions in multilingual phonological development.
